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PROTON CONDUCTING POLYMERS 

Field of the Invention 

The invention relates to a solid polymer 
5 electrolyte useful in fuel cells operated at elevated 
temperatures. More specifically, the invention is related 
: ;..to : . use of a polymer electrolyte membrane capable of 
conducting protons at temper atureis up to at least: 2 00 ? C f or 
:' use in fuel cells operating on liquid fuels. 

10 Background of the Invention 

In the past decade considerable effort has gone 
into the development and characterization of 
perf luorosulf onic acid polymer electrolytes such as Naf ion. 
These e f i?br t s have shown that polymer electrolyte membranes 

15 (PEM) offer a number of advantages over conventional 
electrolytes when used in electrochemical devices such as 
fuel cells arid water electro ly zers . Unfortunately , these 
' v^eleptrolytes ':' ; ; f must;; remain . ; :: hydra ted : .' • ; | t o . retain ibnic 
conductivity ,: which limits their maximum operating 

20 temperature to 100°C at atmospheric;; pressure • 

This disadvantage of known PEM materials, 

• 'v-- : therfef ore , is highlighted in those systems in which : a 
polymer electrolyte with high conductivity at temperatures 
in excess of 100 °C would be useful. One such application 

25 is the H 2 /0 2 fuel cell that utilizes reformed hydrogen from 
organic fuels (methane, methanol, etc.) which will have a 
certain amount of : cb that poisons the electrode catalysts . 
Another such application is the direct methanol fuel cell . 
Present direct methanol-air fuel cell configurations are 

30 severely limited by the - lack; of sufficiently active 
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^c^*lys±£ tor the Methanol ampde , and to a lesser extent; 

the oxygen cathode. This is a direct result of catalyst 
.poisoning caused by carbon monoxide produced by the fuel at 
operating temperatures of about 100 °C or lower. 
5 Another disadvantage of known PEM methanol-air 

fuel cells is seen in poor performance of the fuel cells 
due to the high rate of methanol cross-over from the anode 
to the cathode through the membrane , which results in a 
loss of efficiency via chemical reaction of the fuel with 
10 oxygen and consequent depolarization of the cathode. 

The use of solid polymer electrolytes of f ers new 
opportunities to overcome these catalyst stability and 
activity problems, provided the polymers selected are 
stable and retain reasonable ionic conductivity at 
15 temperatures approaching 2QQ0 C , avoiding anode /cathode 
poisoning effects. Further > such polymers should have 
other desirable properties , such as low methanol 
permeabi 1 i ty to reduce the e^ 
: crossover. 

20 It has now been discovered that films comprising 

polymers containing basic groups that can form complexes 
with stable acids or polymers containing acidic groups 
provide a viable alternative to known PEM's and other 
convent i ona 1 e 1 ec t r o 1 y t es . Polybenz imidazole ( PBI ) which 

25 has been doped with a strong acid, such as phosphoric acid 
or sulfuric acid, is an example of a suitable polymer. 
Polybenz imidazoles , along wi£h other suitable aromatic 
polymers, basic enough to complex with acids , exhibit- 
excellent oxidative and thermal stabi 1 ity character is tics , 

30 these properties being further enhanced by doping at a 
level of at least 200 mol%. They require low water 
activity, thus avoiding operating temperature limits due to 
the boiling point of water . Capability to operate at 
eievated temperatures , i . e . up to at least 200?C # also 

35 reduces the potential for anode/ cathode poisoning- 
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Further^ they do not suffer ^igrtif icantly £ rom methanol 
crossrover because of low methanol swelling with methanol 
vapor and high glass transition temperatures. 

It is, therefore, an object of the subject 
;5 - invention to pro^v 

not suffer from known problems associated with catalys€ 
stability and activity. 

It is another object of the invention to provide 
a solid polymer electrolyte which is stable and retains 
10 reasonable ionic conductivity at up to at least 200 °C. 

It is still another object of the invention to 
provide a solid polymer electrolyte which is suitable for 
use in direct methanol f u<el cetl Is without exh ih>i t ing high 
methanol permeabi 1 i ty resulting in loss in efficiency due 
15 to methanol crossover. 

Summary of the Invention 
The subject invention relates to solid polymer 
electrolyte membranes comprising proton conducting polymers 
stable at temperatures in excess of 100 °C, the polymer 

20 being basic polymer complexed with a strong acid or an acid 
polymer. The invention further relates to the use of such 
membranes in electrolytic cells and acid fuel cells;. 
Particularly, the invention relates to the use of 
polybenz imidazole as a suitable polymer electrolyte 

25 •; ; membrane . 



Brief PegcriptiQn vf the Prayings 

FIGURE 1 is a graph illustrating the conductivity 
of phosphoric acid doped PBI as a function of temperature 
and water partial pressure. 
30 FIGURE 2 is the thermogravimetric analysis scan 

for undoped PBI - film. ;' : 

: FIGURE 3 is the thermogravimetric analysis scan 
for PBI film doped with 20 mol% sulfuric acid. 
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FIGURE 4 is a griaph illustrating the dynamic 
mechanical spectroscopy of phosphor ic acid doped PBI f ilia. 

FIGURES 5a-5C: are graphs illustrating the 
v polarization and power density curves for a FBI fuel cell > 
5 wherein FIGURE 5a shows cell voltage as a function of 
current , FIGURE 5b shows individual cathode and anode 
potentials/ arid FIGURE 5c shows power of the cell as a 
function of current density. 

FIGURE 6 is a graph illustrating the polarization 
10 curve of a PBI fuel cell operating on methanol: water fuel 
and oxygen as the oxidant , and comparing a Pt anode and a 
' Pt/Ru anode • : 



Detailed Description of the Invention 

The invention relates to hovel solid polymer 

15 electrolytes which are stable and retain sufficient ionic 
conductivity at temperatures up to at least 200°C to 
overcome known catalyst stability and conductivity 
problems . Specifically , the invention relates to the use 
of polymers containing basic groups that can form complexes 

20 with stable acids , or polymers containing acidic groups 
which cam be used to f brm f i 1ms suitable for us solid 
polymer electrolyte membrane in methanol -air fuel cells. 
Examples of such polymers include, but are not limited to 
polybenz imidazole, poly (pyridine) poly (pyrimidine) , 

25 polyimidazoles, polybenzthiazoles, polybenzoxazoles, 
\\ polyoxadiazo les , polyguinoxaiines f polythiadiazoles ,' and 
poly Ctetraza^yrenesj ; Of/ p^ here in is 

pplybenzi^ 

phosphoric acid or sulfuric acid. These polymer films 
30 exhibit excellent oxidative and thermal stabi lity ; these 
properties being further enhanced by the acid nature of the 
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The sub j ect sol id polymer electrolyte ine 
exhibits Stable chemical arid electrical properties at 
temperatures well above 100°C and up to at least 200°C, has 
good mechanical and film properties, demonstrates high 
5 proton conductivity arid low fuel permeability, and is 
capable of conducting protons with very low water activity* 
The polymer used in the subject invention may be 
a polymer containing basic groups that are capable of 
forming complexes with stable acids. For example, the PBI 
10 polymer/ when doped with a strong or stable acid, such as 
phosphor i^^ acid or sulfuric acid, results in a polymer 
electrolyte which readily forms a single phase system 
wherein the acid is dissolved in the polymer, as opposed to 
conventional phosphoric acid systems in which the acid is 
15 '4$e?*ly held in the pores of the inert second phase of the 
• . .: polymer system. \. 

Presently known commercially available sulfonic 
acid ionomers , e.g> Nafion 117 and Dow 560 , depend on water 
to solvate the protons generated by the ionization of the 
20 Sulfonic acid groups; When the polymers are subjected to 
temperatures above 100°C at one atmosphere pressure, wateir 
is lost, iricluding the water sol vat ihg the hydronium ions . 
The membrane stir inks and conductivity is lost . The \is<a^p&:. 
a pressurized 

25 range, but at the expense of overall system ;ef fie iency> 
size and weight. For example , temperatures of 12 0°C can be 
approached at pressures of about 2 atm . of water . Further > 
at an operating temperature of 200 °C f the pressure required 
for these membranes is too high tb be of practical use. ; 
30 Suitable basic polymers which form complexes with 

stable acids include: polybenzimidazoles, poly (pyridines) , 
poly (pyrimidinets) f poly imidazoles, p o ly ben z t h i a z o 1 es ; 
■ po ly benz oka z 61 es , polyoxadiazoles , polyquinoxa lines > 
polythiadiazoies , and poly ( tetrazapyrenes ) . The polymers 
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may; contain a! variety of f unctiona 1 : groups , : ; : as; ; seen;'' below ■ 
using the polybenz imidazole polymer as an example: 




Wherein R is: 




N^NH 






alkane chain, fluoro alkane chain, and like linkages. 
5 Examples of other basic polymers are listed below. 



too:"' 




J X 
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The following polymers may be slightly less stable than the 
above at 200 °C for long periods but should function well at 
lower temperatures still above 100'C: 




— CH-CHz- 




— CH— CH 2 - 


o 






N 


x ■. 





where R,=H ,• alky 1 , phenyl .pyr idyl # each independently of 
any other Rj , linkage. 

Another suitable polymer ,'• which functions 
similarly is polybenzobisimidazoie, 
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wherein R and R, are as defined hereinabove. 

Further, in the above polymers, the NR, 
functionality may be replaced by X, wherein X = 0 or S. 

The basic polymers recited lend themselves 
5 readily to protonation, and exhibit enhanced thermal 
stability when the molecule consists only of aromatic 
groups. Other suitable basic polymers which can be 
substituted with the foregoing R, R,, and X groups include 
oxazoles : 

10 thiazoles: 

poly (oxadiazoles) and thiadiazoles, both as the main basic 
group and as a linking group for benz imidazole, benzoxazole 
and benzthiazole polymers. 
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The recited linkages itiay ;be used in all possible 
positions, and copolymers may be formed from all possible 
groups, as would be known to the ski 1 led artisan . 

Of the foregoing, the quinoxalines are the least 
5 desired because they are the least basic of the recited 
polymers, though if doped, they will perform well as a PEM. 
Those polymers contemplated for use herein which 
: deinpnstrate sdlxxbil ity in di lut:W may be made more 

stab te by cros s-1 inking in place in the f i im by any on e of 
10 a number of known crbss-l inking tec^ , including free 

• • r a d i c a 1 " cro s s - i i nk i n g . 

:.-;-"v; " : ::0 j-^Jie- ' . :;-#0^e(gp:Xng> : ' : p;ir^f :er2r<edl -;- basic polymers 
include poly (piyrimidi and 
polybenzoxazoles , and most preferred basic polymers are 
15 poly beh ? imida z die , which is used as the exemplary polymer 
in the remainder of this disclosure, and poly (pyridines) . 
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Suitable polymers also include acid polymers, or 
pdiytners cohtainin^ acid groups , -such:-': as sulfonates, 
phbsphbnates , borbnates , etc •For example , 




(S0 3 H)n (S0 3 H) n 













S0 3 H 

Lv.. J > 



J X 



»l-n 
CH 2 ^(bH)2) 



GH2-PO(OH)i 



- x 



and similar polymers, wherein R is as defined hereinabove, 

5 ^ -S- , -SO^- # -CH- , or CH 2 , and h is 6 tb 1. 

All polymers shown herein to contain sulfuric 
acid groups, with the exception of the polybenz imidazoles, 
may be made with boric acid groups or phosphoric acid 
groups as well; This is accomplished by ha 1 o gen a ting the 
1 0 po lymer ba ckbone and reacting it with trialkyl- or aryl- 
bbrates or triaikyl- or aryl -phosphates • 

Of the foregoing/ sulfonates are preferred acid 
grouip--containing polymers and phosphonates are the most 
preferred acid group-containing polymers . 
15 The preferred PEM polybenz imidazole membranes, 

arct prepared by synthesis of the polybenz imida zole f ilm , 
which is doped with a strong acid , such as sulfuric or 
phosphoric acid, to produce a polymer with the acid anion 
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bound to the protonated polybenz imidazole. The protons are 
ionized by the basic nitrogen at 
rings as shown below: 




In general , any polymer with a basic group B can '. be 
5 protonated by a strong acid, such as phosphoric acid to 
make a solid polymer electrolyte. 

(B-R) x 

H 2 POy 

10 PBI's, given the foregoing, are known to have excellent 
oxidative and thermal stability, and are further stabilized 
by reaction with the doping acid* In the case of sulfuric 
\a^ 

the benzene ring to form attached S0 3 H groups. Proton 
15 hopping between basic sites on the polymer compound a 

with imbibed free acid provides enhanced ipnic 
conductivity. Further, the barrier properties p^ theise 
f ilms a^e enhanced due to the single phase morphology of ; 
the material; as compared to the biphasic nature of the 
2 0 non-polar f luoroearbon/polar ionic membranes . ^Single' 
phase morphology" refers to^^^ matrix 
of a single material as contrasted to a two-phase 
a polar phase mixed with a non-polar phase. 

In operation in a fuel cell ut ill zing a suitable 
25 fuel, such as methanol, the PBI polymer electrolyte 
membrane conducts protons from the fuel electrode to the 
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oxygen cathode. Carbon monoxide , present in fuels like 
reformed hydrogen, poisons the platinum catalyst commonly 
: ilsed in fuel cells. Liquid fuels like methanol produce 
eyen more severe poisoning effects because carbon monoxide 
5 I* interiaediate in the fue 1 oxidation proce ss . However > 
it higher temperatures > approaching 200 °c; the cell 
operation stimulates carbon monoxide oxidation to carbon 
dioxide, resulting in substantially enhanced catalyst 
activity in spite of the poisoning effect of the carbon 
10 monoxid^ . Prior to the ^bject invention, however ; Whibh 
is operable at temperatures of up to at least 200 0 C> no 
proton conducting polymer electrolytes were available!: 

The foregoing characteristics of the PBI polymer 
will be exhibited by other polymers of the type described 
;-i5- hereinabove suitable for use as polymer electrolyte 
membranes. For instance, polybenz imidazoles, 

PplY (Pyridines) , poly (pyr imidines) , poly imidazoles, 
polybenz thiazoles, polybenzoxazoles , . polyoxadiazoles ,. 
polyquinoxal ines , polythiadiazolesv poly (tetrazapyrenes) 
20 will each have a sirigle phase morphology # thus Exhibit ihg 
high proton conductivity and low methanol permeability. 

The invention will now be discussed with 
reference to the preferred embodiment of the invention, 
• : i|ve-.v;use of polybenzimidazole polymer. The following 
25 example and related test data is intended to be merely 
exemplary and in rib way intended to be limitative of the 
subject invention. Viable variations of the parameters 
presented, as well as other aspects of the materials, their 
preparation and their use, wi 11^^ be apparent to those 
30 skilled in the art and are intended to be covered by this 
specif ication and the appended claims if falling within the 
meets and bounds thereof. For instance, the skilled 
artisan will be able to substitute suitable polymers as 
described hereinabove for the exemplified polymers and 
35 obtain sound results. • 



:^/.:.;':;\/v. : r: : .-;.;:::--:- V: : :■•>•■ -O'. 
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PEN pr^P^r^^ipn 

Films of polybenzimidazole were prepared by 
dissolving the polymer (20%) in dimethylacetamide 
| (DMAc) containing LiCl (2%) and then spreading on a clean 
5 glass plate using a Gardner knife. The film was heated at 
140°C in air for 15 minutes* It was removed from the glass 
plate and heated in a vacuum oven overnight at 90°C to dry 
t:he film. The LiCl was then extracted from the film with 
water. The films were doped with H 2 S0 4 or H 3 P0 4 by acid 
10 sorption from aqueous solutions. 

In order to more fully demonstrate the 
capabilities of the subject PBI, other polymer electrolyte 
membranes were obtained and evaluated under like testing 
conditions. In the following text , Naf ion membranes were 
15 prepared as follows: Naf ion 117 (acid form) membranes were 
obtained from duPont and hydrated by immersion in boiling 
water for four hours . Following hydration, the samples 
were either left in distilled ^ater ;\inti;i^^"OT;;^M : 
equilibrated with phosphoric acid* 

20 Conductivity Measurements 

Conductivity measurements were made with a four 
point probe apparatus* In this apparatus two platinum foil 
electrodes were clamped to the end of a 3cm(L) x 0.5cm(W) 
polymer sample* These electrodes were used to pass current 

25 through the sample. The magnitude and frequency of the 
applied current were controlled using a PAR 173 
potentiostat/galvanostat and a Wavetek 186 signal 
generator. Two platinum wires (0,5mm diameter) , spaced 1cm 
apart , were used to measure the voltage drop at the center 

30 of the sample. Voltage measurements were made at three or 
more current levels to ensure that the voltage-current 
behavior was ohmic . The current was applied at two 
different frequencies, 100 and 1000Hz. No frequency 
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10 



15 



was observed. The entire apparatus was 
contained within a sealed stainless steel vessel, which was 
. placed inside an oven and connected to a gas manifold 
system so that the temperature, pressure and composition of 
the gas phase in contact with the sample could be 
controlled. Measurements as a function of water partial 
pressure above 100 °C were performed by partially evacuating 
the cell and then injecting sufficient liquid water via a 
septum to yield the desired water partial pressure. 

Conductivity results are shown below in Table l 
for films at 170"C and 400 torr water partial pressure. 
Conductivity and voltage drop for a fuel cell operating at 
lOOmA/cm 2 are shown. This PBI sample contained 
approximately 250 mol% H 2 S0 4 , i.e. about 2.5 molecules of 
H 2 S0 4 to each polymer repeat unit. 



20 



25 



TABLE I 
MEMBRANE CONDUCTIVITY 



Membrane/ 
Electrolyte 




Conductivity/ 
ohm 1 cm 1 ' 


:;i;;fVdita!ge -lb b b 
at 100 mA/cm* 


Nafion 117 


:.' so °c 

SAT HjO 


0.07 


29mV 


Nafion 117 


120° C 
400 torr 


0.0036 


555mV 
( 8 mil ) 


PBZ/H3SO4 


4 00 torr :•'</: 
«?° 


0.02 


25mV 
(2 mil) 


PBI/H3PO4 


180 "C 
408 torr 




50mV 



The conductivity results for the phosphoric acid 
doped polybenzimidazole material are further shown in 
Figure 1, as a function of tempera ture and water partial 
pressure. This PBI sample contained appro^ 334 
mql%H 3 P0 4 , i . e. , about 3 . 34 H 3 P0 4 molecules to each repeat 
unit. In this graph, the conductivity is plotted ats a 
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197 °C. 
water 
the 



-15- , 

of water activity for temperatures from 13 0° to 
The conductivity increases with temperature and 
Th e greate r the conduct iyity , the lbw<er 
loss in the fuel cell and thus the greater its 
• Thes e conduct i v i t i e s arte at least an order of 
e greater than that of Naf ion under similar 



p^rweabjlitY Measurement? 

The permeability of oxygen through a ; ^PBi^: : :-iilm;' 

10 doped with H 2 S0 4 according to the subject invention wais 
meas the closed yolxime technique . Permeability 

was measured in the same mariner for a Naf ion 117 film 
equilibrated equilibrated 
with water • The results are summarized in Table II. The 

15 current density column represents the current density 
equivalent to the flux across the membrane with a one 
atmosphere pressure di f f er ent ia 1 as a driving force. The 
equivalent current density was calculated as i=nFN where 
n=4 for the oxygen reduction react F is Faraday's 

20 ' ' . constant and N ' is the ' flux • • 



25 



3 0 



TABLE II 
OXYGEN PERMEABILITY 



Membrane/ 
Electroylte 


Temperature/ °C 


" Current 
Density /inA/ciri 2 


PBI/HjS0 4 


; : :^\80;^ : :^ ; -.. ; ; : -' : 


0.08 


Naf ion 117 /Hp 


80 


0.6-0.8 


Naf ion 117/H 3 P0 4 




0.35-0.45 


Naf ion II7 /H3PO4 


150 


0.25-0.67 



The permeability of oxygen in the phosphoric acid 
equilibrated Naf ion at temperatures above 100°C is similar 
to that in water equilibrated Naf ion at 80°C. These 
permeabilities surpass that of oxygen in phosphoric acid. 
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Thus> cathode performance is enhanced by the presence of 
Nation since 0, can more easily access catalyst sites . The 
loiss of 0 2 to crossover is hot of concern si nee 0 2 has a low 
solubility. The lowest oxygen permeability was obtained 
5 with the polybenzimidazole material which was expected to 
show good biarrier properties . However/ these 

p^ should still be adequate for fuel cell 

^ip^lications . . 

■l : The peraeabi lities of other gases in acid doped 
10 PB I are shown in Table III . ; j-.Tfte''. me tha no 1 cross oy^r rate 
with PBI is on the o^der of -5*1 i mA/ cm 2 • This amount of 
;. : V-crbssover is low compared to the values of i 00-2 5 6 mA/ cm 2 
reported for liquid feed direct methanol fuel cells with 
Naf ion 117 at 80>C as shown by measures of 250 mA/ cm 2 based 
15 on pr evaporation data in S* Kato, et al, J, Membrane 
Sqiepce ,22 (1992) . ; 100 mA/cm 2 in liquid feed PEM cells in 
S . Narayanan, et al. , Extended Abstracts of Electrochemical 
Society, Vol •93-2 , p. 126, Pennington, NJ (1993); and 100 

20 et al . , Extended Abstracts of Electrochemical Society , vol . 
94 k-i'i p . 58 , Pertni . 



TABLE III 

PERMEABILITY OF DOPED POL YBENZ IMIDAZOLE 



Doping 




Temperature 


>' :;: Pe^eiability-'' 


y:'.?quiy.a : liBnt.-; 


H2SO4 


Methanol 


85 


175, 320 


7, 13 


HjS0 4 


Methanol 


130 


139 , 156 


5, :,6-V.':- 


H,P0 4 


Methanol 


130 


183/186 


• 7 , 7 


H 3 P0 4 


Methanol 


155 


270 


11 




K,S0 4 


Water 


130 


9Q00 r 10000 




^ 3 po 4 


water 


140 


4400 






H,P0 4 


Hydrogen 


150 


180 


■ ••.•v.2i •• ••• 



WO 96/13872 



PCT/OS95/14062 



-17- 



Doping J Gas 




Permeability 


■•?B^ivi : ient : ;x / 
CD/mA/cm 2 




H2SO4 


Oxygen 


125 


i'ht 11V 20 


0v3> 0v6 




Oxygen 




10 


0.3 



Coefficients are given in barrer 
1 barrer = 10" 10 cm 3 (STP) cm/cm 2 s cmHg 

Multiple entries indicate results from multiple samples. 
Equivalent current densities assume a one 
pr e s sure d i f f er ent ia 1 . ' ■ . 
H 2 S0 4 doping level 2 4 7 mol% 
H3PO4 doping level 338 mol% 



10 Thermal Stability Measurements 

Thermogravimetic Analysis (TGA) has been used to 
study the thermal stability of polybenz imidazole and to 
follow the reaction between PBI film and sulfuric acid. In 
Figure 2 the TGA scan for an undoped PBI film in nitrogen 

15 is shown; The heating rate was Io°C/min. The PBI film 
lost water at about 80°C and underwent thermal degradation 
at 550 °G. The TGA of PBI doped w i t h appr ox ima t e ly 2p iol* 
sulfuric acid is ishoWn in Figure 3 . This result shows ;a 
loss of water at 10 0 0 C and ailso showed two further weight 

20 losses starting at 330°C and 415°C. The first loss at 
330° C is attributed to the reaction of the acid with PBI to 
generate sulfonic acid groups while the second loss is 
probably due to loss of S0 2 or s6 3 from the polymer . The 
weight loss due to thermal degradation has been shifted to 

25 600? C / ^ that the reaction with the sbrbed 

acid Improved the thermal stability b the film. 

Figure 4 shows the dynamic mechanical 
spectroscopy of a PBI film doped with 320 mol% phosphoric 
acid (this film is about 50 wt.% phosphoric acid) . The 

30 modulus at room temperature before heating is normal for a 
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glassy polymer . In the first heating, the modulus drops 
i : and reaches a plateau of a bout 2x10 ? Pasca Is. . ; : Between 
160 ° -200 °C the modulus dropped to about 8x10* Pascals and 
? • reached a plateau. Upon the second heating/ the modulus 

^ 5 yas much higher (lxl0 ?0 Pascals ) which started t:o drbp at 
150 °C and reached a plateau of IxlO 9 • In use ' as a fuel 
cell / the PEM modulus will be about 3xl0 9 . This value is 
about 10 4 times higher than Nafion at 150°C. The stiffer 
membrane can be made thinner without deformation when put 

10 into fuel cell. Thinner membranes will have less 
electrical resistance and thus will be more efficient. 

In Figure 5> the polarization and power den si ty 
curves for a PBI fuel cell operating on hydrogen and oxygen 
at 150 °C are shown. The membrane was a 4 7 0 mol% H3PO4 doped 

15 PBI . 075mm f ilm. The gasses were humidified at very low 
levels (20°G 0 2 , 4 8^% : ^;;\: ;l^f^e 1 tests were clone in a one* 
square centimeter microfuel cell with platinum on carbon 
supported electrodes (.5 mg Pt/cm 2 ) . In Figure 5A the cell 
voltage as a function of current is shown . The iR-f refe 

20 curve represents the data when the membrane ohmic loss is 
subtracted. This curve demonstrates the efficiency of the 
electrodes (more efficient at higher voltage values) . The 
power of the fuel cell is the product of the voltage and 
current and is shown in Figure 5C. This curve shows a 

25 maximum power of approximately 0.25 W/cm 2 at about 700 
mA/cm 2 . This power level is quite high for a PEM fuel cell 
considering the operating temperature and lack of 
substantial gas humidif ication . The curves in Figure 5B 
show the individual cathode and anode potentials which 

30 indicate that electrode voltage losses are very low below 
10 mA/cm 2 . This fuel cell is not optimized and the 
performance can be improved with use of thinner membrane^ 
and better electrode structures . ^ 
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In Figure 6 / the polarization curve of : a-:PBX ; •fuel- 
cell operating on methanol: water mixture for the fuel and 
. oxygen as the Oxidant is shown. T?h^ 

Pt on carbon while the anode was 1.2 mg/cm 2 Pt/Ru alloy. 
5 The membrane was 450 mol% H 3 P0 4 /PBI . 075- . 09mm film. For 
comparison, an anode with Pt black catalyst is also 
reported. In this un-optimized methanol fuel cell 
; operating at 150 0 C, a cell voltage of 0 . 3 volts at 100 
mA/cm* has been achieved. 

10 The invention hats been described by way of 

example . Obviously, modifications and alterations will 
occur td others upon reading and understanding the 
preceding detailed description. It is intended that the 
invention be construed as including ail such modif icat ions 

15 and alterations insofar as they come within the scope of 
the appended claims or the equivalents thereof. 
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We claim: 

• vj: : '-A •'; xVsbXi electrolyte membrane 

comprising a proton conducting polymer stable at 
; temperatures in excess ot io 0°C. ' 

5 2 . The solid polymer electrolyte membrane 

according to claim 1 wherein said proton conducting pdiymer 
is a basic polymer doped with a strong acid at ah acid 
doping level of at least 2 00 mol% . 

3 . • • •' ■ ;.'!T he solid polymer electrolyte membrahe 
10 according to claim 2 where in said basic polymer is selected 
from the group consisting of polybenzimidazqle; 
poly (pyridine) > poly (pyr imidine) , p61yimid^oles r 
polybenzthiazoles , poly ben zoxazoles , polyoxadiazoles, 
polyquinolines , : polyquinoxalines, poly thiadiazoles , 

•IB- poly ( t^trazapyrenes| pblyoxazdles ■ poly thi a z oles 
polyviny lpyridines , and poly viny 1 imida z o les . \ 

4 v The solid polymer Electrolyte membrane 
according to claim 2 wherein said basic polymer is selected 
: .. ; :: \^:.,;f;rom the.. group consisting of poly (pyrimidines) , 
2 9 pplyimidazoles 7 pblybenzbxazoles , poly (pyridines) , and 
poiybenzimidazoles* ■ . . 

5 . The solid polymer electrolyte mem 
according to claim 2 wherein said basic polymer is 
polybenz imidazole. 

25 6 • The solid polymer electrolyte membrahe 

according to claim 2 wherein said basic polymer is an 
aromatic polymer • 
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7. The ^olid polymer electrolyte membrane 
according to claim 2 wherein skid strong acid is selected 
from the group consisting of sulfuric acid and phosphoric 

" acid/: 

5 8. The solid polymer electrolyte membrane 

according to claim 1 wherein said proton conducting polymer 
is an acid polymer* 

9. The solid polymer electrolyte membrane 
according to claim 8 wherein said acid polymer is selected 

10 from the group consisting of sulfonic acid polymers, 
phosphonic acid polymers and boron ic acid polymers/ 

10. The solid polymer electrolyte membrane 
according to claim 8 wherein said acid polymer is a 
sulfonic acid polymer. 

15 11. A high temperature proton conducting polymer 

comprising a basic polymer complexed with a strong acid 
capable of conducting protons at temperatures in excess of 
100°C. 

12. The high temperature proton conducting 
20 polymer of claim 11 wherein said basic polymer is an 
aromatic polymer . 

j : 13 The high temperature ; • proton : ■ eonducti ngf 
polymer of claim 11 wherein said basic polymer is selected 
from the group consisting of polybenz imidazole, 
25 poly (pyridine) , poly (pyr imidine) , poly imidazoles , 
polybenzthiazoles, : : polyberizpxcizoles , polyoxadiazoles, 
polyquinolines, ; pplyquinoxalines, : polythiadiazoles, 
poly ( tet^azapyrenes ) / polyoxazoles , ; polythiazoles , 
pbiyvinylpyridines , and polyvinylimidazbles. 
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14. The high temperature proton conducting 
polymer of claim 11 wherein said basic polymer is selected 
from the grroup consisting of poly (pytiniidiriesf / 
poly imidazoles/ polybenzoxaz oles , poly (pyridines) , and 

L : 'es> ■ 



15. The high temperature proton conducting 
of claim 11 wherein said basic polymer is 



16. The high temperature proton Conducting 
10 polymer of claim 11 wherein said strong acid is selected 

firom the group consisting of sylfu^ic acid and phosphoric 
acid. 

17. A hydrogen or direct methanol fuel cell 
comprising: fa) an anode; (b) a cathode; and (c) an acid 

.15;,: doped basic polymer electrolyte membrane which conducts 
protons at temperatures in excess of 100°C. 

18 . The hydrogen or direct methanol fuel cell 
according to claim 17 wherein said polymer electrolyte 
membr ane exh i b i ts ; 1 ow fuel permeability <, 

20 19, The direct methanol fuel cell according to 

claim 17 wherein said acid doped basic polymer electrolyte 
derives from a basic polymer selected from the group 
consist ing of polybenz imidaz ole; ppl y (pyriciin e ) ; 
poly (pyrimidine) , , polyimidazoles, polybenzthiazoles, 

25 polybenzoxaz^^ poiyoxadiazoles; pblyquinoiinea^ 

polyquinoxalines, polythiadiazoles , poly (tetrazapyrenes) , 
pp^ypkazpie jiblythiazblesy and 
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20. The direct methanol fuel cell according to 
claim 17 wherein said basic polymer is selected from the 

polybenzoxazoles, poly (pyridines) / and pblybenzimidazoles. 

5 21; The direct methanol fuel cell according to 

claim 17 wherein said acid doped basic polymer electrolyte 
derives from polybenz imidazole. 

22. The direct methanol fuel cell according to 
claim 17 wherein said acid is a strong acid. 

10 23. The direct methanol fuel cell according to 

claim 17 wherein said acid is selected from the group 
consisting of sulfuric acid and phosphoric acid. 

24. An acid fuel cell containing a solid polymer 
electrolyte membrane compr ising an acid doped basic 

15 polymer. 

2 5 . The acid ' fuel cell . according to . claim ; , 24 
wherein said basic polymer is selected from the group 
consisting of polybenz imidazole , poly (pyridine) , 
poly (pyr imidine) , ' polyimidazbles , polybenzthiazoles , 

20 polybenzoxazoles , polyoxadiazoles , polyquinolines , 
polyguinoxalines, polythiadiazoles, poly (tetrazapyrenes) , 
polyoxazoles, polythiazoles, polyvinylpyridines, and 
polyvinyl imidazoles . 

26. The acid fuel cell according to claim 24 
25 wherein said basic polymer is selected from the group 
V cohsisting of; po ly (pyr im id i n e s ) , pblyimidazples; 

; p and polybenz imidazoles. 
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27. The acid fuel cell according to claim 24 
wherein said basic polymer is polybenz imidazole. 

28. The acid fuel cell according to claim 24 
wherein said solid polymer electrolyte membrane comprise 

5 ■ .- phosphoric acid doped polybenz imidazole . 

29. An electrolytic cell containing a solid 
polymer electrolyte membrane comprising an acid doped basic 
polymer. 

30. The electrolytic cell according to claim 29 
10 wherein said basic polymer is selected from the group 

consisting of polybenz imidazole , poly (pyridine) , 
poly(pyrimidine) , polyimidazoies, polybenzthiazoles, 
polybenzoxazoles, polypxadiazoles, polyquinolines , 
polyquinoxalines , polythiadiazoles, poly (tetrazapyrenes) , 
15 polyoxazoles, polythiazoles, polyvinylpyridines, and 
polyyiny limidazoles . 

31. ; The electrolytic cell according to claim 29 
wherein said basic polymer is selected from the group 
consisting of poly (pyrimidines) , poly imidazoles, 

20 poiybenzoxazples, poly (pyridines) V and polybenZimidazoles> 

32 . The electroiytic cell according to : claim 29 : 
wherein said basic polymer is polybenz imidazole. 

33 . The electrolytic cell according to claim 29 
: wherein said solid polymer electrolyte membrane comprise 
25 phosphoric acid doped polybenz imidazole. 



34. A method for producing a proton conducting 
polymer stable at temperatures in excess of 100 °C 
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comprising doping a basic polymer with a strong acid at a 
dbpiht^l'tsyel,-' of at least 200 mol%. 

35. The method of claim 34 wherein said basic 
: ; polymer' - is aromatic i • . 

5 36. The method of claim 34 wherein said basic 

polymer is selected from ^ lie group consisting 6t 
polybenz imidazole , poly (pyridine) , poly (pyrimidine) , 
polyimidazoies, polybenzthiazoles , polybenzoxazples, 
polyoxadiazoles , polyquinolines, polyquinoxalines < 
10 polythiadiazoles, and poly (tetrazapyrenes) , . pdlyoxazoles; 
polythiazples> polyvinylpyridines / and po ly vinyl im ida z o 1 e s . 

37. The method of claim 34 wherein said basic 
polymer is selected from the group consisting 6f 
poly ( pyr imidihes) / polyimidazbles , polybenzoxazoles , 
15 poly (pyridines) , and polybenz imidazoles . 

; 38. The !^ basic 
polymer is polybenz imidazole . 

39 . The method of claim 34 wherein said acid is 
a strong acid. 

20 40 . The method of claim 34 wherein said acid is 

selected from the group consisting of sulfuric acid and 
phosphoric acid. . 
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